Computational details: general considerations

DFT-method
Calculations were carried out at the density functional theory (DFT) level using the so-called global hybrid meta density functional M06-2X, 1 which has been shown to provide broad accuracy for main group and organometallic chemistry. For comparison, limited calculations have been also performed with the classical hybrid functional, B3LYP.
2, 3
The computational workflow employed M06-2X and B3LYP functionals as implemented in Jaguar computational package (v. 7.7), which has been employed for all calculations in this work. 4 The molecular orbital visualization only has been performed with Gaussian.
5
The strength of the Minnesota 2006 family of density functionals, to which M06-2X belongs, is accurate description of organic and inorganic bonding as well as noncovalent interactions.
1b
The B3LYP functional, still one of the most popular functional in chemistry, has an estimated averaged error of 3.29 kcal/mol, while M06-2X error is only about a half of that or even better. 6, 1 This is fully acceptable for our purpose. Combined with medium size basis sets, these density functionals allow to draw reliable mechanistic conclusions based on the relative energies. 7, 8, 9 Basis sets All calculations were performed using, first, lacvp* basis for geometry optimizations and comparison of conformers, and thereafter, lacvp*+ basis sets was used for a more accurate geometry optimizations. 10, 11 These basis sets are based on the 6-31G basis set with polarization (and diffuse) functions, including an effective core potential (ECP) for the Ru atom thus reducing computational costs.
10
Cationic and neutral species should be well represented by this basis set considering the presence of a double set of polarization functions.
Self consistent reaction field (bulk solvent)
The solvated molecular systems was described with a self consistent reaction field (SCRF) method based on the solution of the Poisson-Boltzmann (field) equation; the method makes possible to compute minimum-energy solvated structures of complex systems at relatively low computational cost. 12 Solvent effect were calculated using the single point energy calculations with toluene as a solvent (dielectric constant 2.38 at 297K, molecular weight 92.14 g mol -1 , density 0.8996 g cm -3 ).
XYZ Information
Due to quite a large number of the fully stationary and transient structures that we have calculated only selected XYZ data is included herein -an additional XYZ data of all calculated structures are available upon request from authors. Am. Chem. Soc., 2005, 127, 8817 Figure S3A. From Figure 1 in the article -an enlarged the range of the Ru─C CO distance from the equilibrium till 2.5 Å. The change of the potential energy versus r, ΔE(r), is in kcal/mol. The distance between ruthenium and C CO , r = Ru─C CO , is in Å. Figure S6 . Due to the non-covalent interactions between the dissociating CO molecule and C-H groups of O t Bu and Ph groups a stable but weakly bound complex has been computationally found. All distances are in Å.
The digest of molecular orbital analysis for the selected Cp-ruthenium complexes σ 1.93Å 1a π 1.93Å 1a σ 2.88Å 1a
Molecular orbital diagram for the hydrogen substituted species. (l) σ interaction, (c) π-interaction at x = 193Å. (r) the only interaction at x=288Å which is interpreted to be σ-type bonding. Labelling of complexes is a s follows (different from the text):
CpRu(CO) 2 H:
(the highest barrier to CO dissociation) the molecular orbital interactions at equilibrium revealed that within the HOMO manifold there is both notable π and σ interactions. As dissociation continues along the potential energy surface, the π interaction, which could be attributed to a back-donation type interaction between a ruthenium d orbital and a carbon p orbital disappears yet what seems to be a very significant σ-type donation persists and becomes dominant at greater Ru-CO distances.
CpRu(CO) 2 OtBu: (the lowest barrier for CO loss) the π bonding is comparable with that in other complexes but accompanied by a smaller degree of σ bonding. This suggest that the bonding between the ruthenium centre and the CO ligand is in fact made up of π and σ-interactions at shorter values of X; approximately equilibrium to 2.40Å and at distances beyond this the bonding is dominated only by σ-type interactions.
For species which have higher dissociation barriers the amount of σ-type bonding seems greater than for 1c and 2c which have the lowest barriers for CO ligand loss. This finding is in support of the earlier proposed conjecture that bonding between the metal centre and the CO ligand consists of donor and acceptor interactions of both σ and π orbitals, where up to a certain value for Ru-CO distance this bonding consists of both types of interactions and at distances beyond this value is attributed mainly to σ interactions.
Selected XYZ data followed by Table S1 with the thermochemical corrections, Table S2 and Table S3 with the "raw" electronic energies 4 (not the part of PES-scan in Figure 1 ): Transition States in Figure S4 : Table S1 . Thermochemical corrections (A) for the CO dissociation in Figure 1 , and (B) relative to complex 3 in Scheme 2. Figure S4a -2014.904483 TS in Figure S4b -2128.828275 TS in Figure S4c -1901.585202 CO isolated -113.2770953 Table S3 . "Raw" electronic energies -selected points of the potential energy scans as well as the optimized 18-electron and 16-electron initial and final complexes:
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